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Abstract 
NOCs are a kind of controversial state-owned enterprises. This paper studies on their roles in economy and society 
based on profitability of NOCs. Considering the multi-objective situation, DEA method is applied to evaluate 
efficiency of NOCs on economic and social contribution. Eight inputs and outputs of 17 NOCs are chosen for 
empirical research, and results show that NOCs have capability to take their economic, social, and politic 
responsibilities when they sustained development. In addition, the executive ability of government institutions 
administering NOCs is important to balance the micro and macro goals of NOCs. 
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1. Introduction 
In recent years, China national oil companies, such as PetroChina and Sinopec are often on the top of 
many enterprises ranking list depending on their huge incomes and profits . On one hand, mediums and 
the public, including many experts doubt that their huge profit comes from monopolization, which 
impairs customs’ benefit  and forecloses competition. On  the other hand, these state-owned oil companies 
and government institutions which administering them emphasize their sacrifice and contribution to 
grantee the energy supply, economy stability and society responsibility, etc. So it is fu ll of argument on 
how to look on NOCs. 
A national oil company (NOC) is an oil company fully or in the majority owned by a national 
government. In  the world wide, more than 100 NOCs control the dominant share of worldwide 
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hydrocarbon resource endowments, as actual producers, or as the “gatekeepers” for explo itation access by 
international energy companies.  
Researches before on evaluation of NOCs as enterprises just covered their ab ility of economics and 
profits, and their competition with IOCs  (International Oil Companies). But their responsibilit ies of non-
business social and economics  are ignored. Considering the evaluating complication and characteristics of 
multi-goals of them, we apply DEA method to deal with this multi-goals evaluation item of NOCs. 
The rest sections are as follows: the second part is about the development of NOCs and researches 
before on this field. DEA method is introduced in the third part, including basic principle, application and 
the value to this study. In the fourth part, we choose indices and data of inputs and outputs, and evaluate 
with DEA and Bootstrap corrected. The conclusion and prospect based on above are in the last part. 
2. Objects of research 
2.1.  NOCs 
According to the top 10 of 50 oil companies in 2008 (from Petroleum Intelligence Weekly, PIW), no 
matter the reserves of oil or nature gas, the top 10 oil companies are all NOCs. On  one side, it shows that 
NOCs are the major power in the world oil market. On the other side, oil industry is under the control of 
government in most countries. 
NOCs always provide capitals for development o f economy and society , which are different from 
IOCs whose single goal is profits. When the international oil p rice is high, they sell it  on a lower p rice to 
protect native industries and guarantee people’s live. NOCs, as the fundamental industry, play the roles of 
pushing the development of economy and other industries, insuring national energy safety, supporting 
country policies, redistributing social property and undertake the pressure of employment. 
Many researchers focused on principles, ro les and performance of NOCs. The principal -agent 
paradigm introduced by Jensen and Meckling (1976) and Harris and Raviv (1978)  is crit ical to motivating 
the expanded set of objectives faced by a NOC relat ive to a comparable IOC[1,2]. Hartley, etc. present the 
NOC may have a wider range of objectives than maximizing the present value of profits [3]. Wolf 
investigates the existence of ownership effects in the global oil and gas industry, and found that NOCs are 
in lower efficiency than IOCs[4]. Although all NOCs take on various non-profit goals to different extent, 
different affects are affecting on different NOCs by different governments. In some developed countries, 
national oil companies are more accord ing to business strategy to operate, such as Norway. On the 
opposite, in some developing countries, such as NOCs in Nigeria and Venezuela, the macro economic 
aims of government almost overpower the commercial aims of companies. 
At present, common oil companies evaluation systems include Platts Top 250 Global Energy Company 
Rankings, Petroleum Intelligence Weekly Top 50 Oil Company, etc. Every  evaluating approach for 
performance is of some localization: i) no difference between IOCs and NOCs in operating goals, ii) no 
difference between NOCs in o il export and import countries, iii) ignoring the macro -economic and social 
contribution of NOCs. 
2.2. Data envelopment analysis 
Based on the early idea of Farrell (1957), DEA is a well established methodology to evaluate the 
relative efficiencies of a set of comparable entit ies named DMUs  (decision making units) by some 
specific mathematical programming models. Since 1978, DEA has rapidly grown into an excit ing and 
fruitfu l OR/MS field. Thompson[5], Sueyoshi[6], Kashani[7], MA[8], and Hawdon[9] used DEA to assess oil 
industry efficiency in U.S., Japan, U.K., China and many states.  
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3. DEA approach 
Consider a set of n DMUs, with each DMU j, (j = 1,. . .,n) using m inputs xij(i = 1,. . .,m) and 
generating s outputs yrj (r = 1,. . ., s). This output/input ratio is the basis for the standard engineering ratio 
of productivity. The efficiency of that DMU is given by the solution to the fractional programming 
problem: 
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Applying the Charnes & Cooper (1962) theory of fractional programming, making the change of 
variables problem (1) can be converted to the linear programming (LP) model. By duality, we can get a 
CCR model. 
Banker et al. (1984) proposed BCC model, which extended the earlier work of Charnes et al. (1978) by 
providing for variable returns to scale (VRS). Based on CCR model, one constrain is added to keep the 
weights sum of jO . The linear programming equivalent of (2) is:  
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The constraint space of defines the production possibility set. According to the model and the 
production possibility set, we may break a DEA model down into two parts: the efficiency measure and 
the reference technology. Thus the improved DEA model can measure mult i-input multi-output efficiency. 
Although DEA has many advantages, it has one particular shortcoming that may render its results 
ambiguous. Bootstrap determines the accuracy of estimators and whether conclusions would change after 
considering this statistical informat ion. We use Wilson & Simar’s data generating process  (DGP)[10] to the 
re-sample data and calculate relevant statistics, such as means and standard deviations  of DEA results. 
4. Empirical research 
Thinking about reality of their social mult i-goals except profit, we d ivide NOCs production process 
into two stages. In the first stage, NOCs achieve their micro production process as enterprises. In the 
second stage, NOCs fulfill their macro goals. Outputs got in the first stage become inputs of the second 
stage, which means micro goals are used in the second stage as inputs to affect social goals. This is the 
basic idea of this paper to evaluate economical and social contribution of NOCs.  
There are 8 indices chosen by consulting the study of Joe Zhu[11], which represent the characteristic in 
the second stage properly. Four inputs are return of investment (ROI), operating margin, rates of reserves 
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and explo itation of oil and gas , which measure the capacity of earning and developing. Four outputs are 
average effective tax rate, financial performance relative to workforce, reserve rates of o il and gas , which 
represent the contribution for macroeconomics, energy security and employment. 
The 17 NOCs’ data analyzed with DEA originates from A Citizen’s Guide to National Oil Companies -
Data Directory (2008) and BP world energy data sheet (2010).  
 Table 1 The original DEA scores 
Country Company firm VRS© Crack VRS © bias 
China CNOOC 1 1 0.973  0.027  
China Petrochina 2 0.422 0.411  0.011  
China Sinopec 3 0.921 0.898  0.024  
Malaysia Petronas 4 0.412 0.401  0.011  
Thailand PTT 5 1 0.973  0.027  
Norway StatoilHydro 6 1 0.973  0.027  
Russia Gazprom 7 0.876 0.853  0.022  
Russia Rosneft  8 0.699 0.681  0.018  
Brazil Petrobras 9 0.572 0.558  0.015  
Colombia Ecopetrol 10 1 0.973  0.027  
Mexico PEMEX 11 0.713 0.694  0.018  
Venezuela PDVSA 12 0.831 0.810  0.021  
Tunisia ETAP 13 0.375 0.366  0.009  
India ONGC 14 0.625 0.609  0.016  
Pakistan OGDCL 15 1 0.973  0.027  
Peru PetroPeru 16 1 0.973  0.027  
Bangladesh Petrobangla 17 1 0.973  0.027  
 
From table 1, we find that the average efficiency of 17 NOCs is 0.791. According to the value of theta, 
7 of them are effect ive, the others are ineffective. Six of them are lower than the average level. In 
effective ones, StatoilHydro and Ecopetrol are NOCs in energy export countries . PTT is the only Thai 
company in top 500. CNOOC is the best in profits in three Chinese NOCs. The result shows that profit-
push has become the core mission of NOCs, which affects their value direction. It also means that 
microeconomic goal is the foundation of other goals. The NOCs should have capability to take their 
economic, social, and politic  responsibilit ies when they sustained development. Moreover, efficiencies of 
OGDCL, PetroPeru and Petrobangla show it is necessary to balance micro and macro goals , and so NOCs 
and government institution’s management is. PetroChina did not play well with the burden of manpower 
redundancy and duty of oil security, though its micro p rofit  is better. Social responsibilities the three 
NOCs in China undertaken need to be adjusted by government, which can assure them doing fu rther 
contribution. 
5. Conclusion 
The micro goals, macroeconomic values, state strategic security roles and social contributions of 
NOCs are analyzed in this paper. We presented the NOCs two-stage role model, which includes micro-
An Xun et al. / Energy Procedia 5 (2011) 763–767 767
production and macro-contribution. The second stage is researched in detail. With the result of the DEA 
approach using 17 NOCs data, some conclusions are emphasized as follows. The achievement of firm 
micro economic performance is very important to the NOCs which shouldering social responsibilit ies . 
The NOCs should have enough capability to undertake and perform economic, social and polit ical 
objectives and tasks, if they could remain effective development. The governments are influential in 
planning the micro and macro goals of NOCs. Th is study proposed the idea of the two-stage NOCs ro les, 
and state NOCs macro roles analyzed. But the NOCs two-stage model is not applied in empirical research. 
In the future, the integration research of NOCs macro and micro function is very necessary. 
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